Abstract The effect of the partial replacement of cocoa butter (CB) by cocoa butter equivalent (CBE) in the release of volatile compounds in dark chocolate was studied. The fatty acid profile, triacylglyceride composition, solid fat content (SFC) and melting point were determined in CB and CBE. Chocolate with CB (F1) and with different content of CBE (5 and 10%-F2 and F3, respectively) were prepared. Plastic viscosity and Casson flow limit, particle size distribution and release of volatile compounds using a solid phase microextraction with gas chromatography (SMPE-GC) were determined in the chocolate samples. The melting point was similar for the studied samples but SFC indicated different melting behavior. CBE showed a higher saturated fatty acid content when compared to CB. The samples showed similar SOS triglyceride content (21 and 23.7% for CB and CBE, respectively). Higher levels of POS and lower POP were observed for CB when compared to CBE (44.8 and 19.7 and 19 and 41.1%, respectively). The flow limit and plastic viscosity were similar for the studied chocolates samples, as well as the particle size distribution. Among the 27 volatile compounds identified in the samples studied, 12 were detected in significantly higher concentrations in sample F1 (phenylacetaldehyde, methylpyrazine, 2,6-dimethylpyrazine, 2-ethyl-5-methylpyrazine, 2-ethyl-3,5-dimethylpyrazine, tetramethylpyrazine, trimethylpyrazine, 3-ethyl-2,5-dimethylpyrazine, phenethyl alcohol, 2-acetylpyrrole, acetophenone and isovaleric acid). The highest changes were observed in the pyrazines group, which presented a decrease of more than half in the formulations where part of the CB was replaced by the CBE.
Introduction
Chocolate is a product obtained from the combination of different components of processed cocoa beans (cocoa mass or liquor, cocoa powder and cocoa butter) with other ingredients (Suzuki et al. 2011) . It has a distinctive flavor with specific notes related to the cocoa bean genotype, the growth conditions and the processing factors (Afoakwa et al. 2008b ). The typical sensory characteristics of chocolate are determined by the fermentation and drying of cocoa beans and also by the technological processes employed in chocolate making, such as refining, conching, tempering and crystallizing (Crafack et al. 2014) .
Fermentation is a key processing stage that causes the death of the bean and facilitates removal of the pulp and subsequente drying. In addition, the formation of flavor precursors, such as amino acids and reducing sugars, is initiated along with the development of the cocoa color. The Maillard reaction occurs during the roasting process with the conversion of the amino acids and sugars into volatile compounds, such as pyrazines, aldehydes, alcohols, ethers, furans, thiazoles, pyrones, acids, esters, amines, oxazoles and pyrroles (Afoakwa et al. 2008b; Vítová et al. 2009) . A complex mixture of up to 500 volatile compounds is responsible for the flavor of cocoa and chocolate. Pyrazines and heterocyclic nitrogen compounds with low molecular weight and high volatility represent 20% of volatile chocolate compounds in chocolate. High amounts of esters and hydrocarbons (13%), and acids (11%) are also reported (Perego et al. 2004) .
The perception of the flavor of chocolate occurs when the cocoa butter (CB), which represents the continuous lipid phase, melts and the volatile compounds are released. It has been proposed that structural changes in the lipid phase can affect the release of volatiles, thus modifying the flavor perceived by the consumer (Nightingale et al. 2012) . The volatility of aromatic compounds in lipids is dependent on the length of the chain and also on the degree of insaturation of fatty acids present in the triglycerides (Relkin et al. 2004) . Roberts et al. (2003) and Miettinen et al. (2004) reported that the fat content of a food matrix and the degree of lipophilicity of volatile compounds can affect their release and, consequently the development of the flavor.
The CB is responsible for the dispersion of the other components of the formulation and the final quality of the chocolate, providing an exclusive melting profile. Its physico-chemical properties, including the rapid melting close to body temperature, result from the composition and symmetry of triacylglycerols (TAGs) comprised of around 42% of 1-palmitate-2-oleate-3-stearate triacylglycerol (POS); 24% of 1,3-distearate-2-oleate triacylglycerol (SOS), and 22% of 1,3-dipalmitate-2-oleate triacylglycerol (POP) (Naik and Kumarb 2014; Marty-Terrade and Marangoni 2015) .
Considering the high cost of CB, vegetable fats known as cocoa butter equivalent (CBE) are commonly used in chocolate formulations. CBE are obtained by the fractioning and/or enzymatic interesterification of oils rich in TAGs such as POP (palm and palm kernel oils) and SOS (from exotic species such as karité, kokum or mango seed butters) (Jahurul et al. 2013; Rios et al. 2014) .
Despite the ever-growing use of CBE in chocolate, the impact caused by their use to replace CB in terms of the release of the volatile compounds in chocolate is little known. The objective of this study was to investigate the effect of the partial replacement of CB by CBE on the release of volatile compounds in dark chocolate.
Materials and methods

Materials
Deodorized CB and cocoa mass were obtained from ADM Cocoa-Joanes Industrial (Ilheus, Brazil); CBE was obtained from Triângulo Alimentos (Itápolis, Brazil).; sugar from Raizen (Araçatuba, Brazil); soy lecithin from Imcopa (Araucaria, Brazil); PGPR (Polyglycerol Polyricinoleate) from Danisco Brazil (Pirapozinho, Brazil), and vanillin from Frey ? Lau (Henstedt-Ulzburg, Germany).
Physico-chemical characterization of CB and CBE
CB and CBE were characterized for the following parameters according to the AOCS (2009): melting point (Cc 3.25); SFC (Cd 16b-93), using a nuclear magnetic resonance spectrometer mq20 (Bruker, Karlsruhe, Germany) and a dry bath TCON 2000 (Duratech, Indianapolis-USA) equipped with temperature control in the range of 0-70°C. The fat samples were previously submitted to the following sequential heat treatment: heating at 100°C (15 min); 5 min at 60°C; 90 min at 0°C; 40 h at 26°C and 90 min at 0°C. SFC was measured at the following temperatures: 10, 20, 25, 30, 35 , 40 e 45°C; fatty acid profile (Ce 1-62), using an Shimadzu CG 2010 gas chromatograph (Kyoto, Japan), with a capillary column RTX 2330, 100 m length, 0.25 mm internal diameter and 0.20 lm thick film. The chromatograph operating conditions were: split = 1:20; column flow = 1.16 mL/min.; detector temperature: 250°C; injector temperature: 250°C; oven temperature: 140°C-6 min, 140-240°C (4°C/min), 240°C-6 min; makeup gas: nitrogen; carrier gas: helium; injected volume: 1.0 lL; TAG composition: (Ce 5-86) was determined using an Agilent 6850 gas chromatograph Series CG System (California-USA) capillary column DB-17 HT Agilent Catalog: 122-1811 (50% phenyl-ethylpolysiloxane), 10 m length, 0.25 mm internal diameter and 0.15 lm thick film. Split = 1:100, column temperature program: initial temperature 250°C raised at the rate of 5.0°C/min to a final temperature of 350°C. The detector temperature was 375°C and the injector temperature was 360°C. The carrier gas was helium, flow rate 1.0 mL/min, volume injected 1.0 lL and the sample concentration was 10 mg/ mL diluted in tetrahydrofurane.
Chocolate production
The dark chocolate was formulated with 50% sugar; 34.5% cocoa mass; 0.3% soy lecithin; 0.2% of PGPR and 0.01% of vanillin. Formulation 1 (F1) was prepared with CB (15%); Formulation 2 (F2) was prepared with 10% of CB and 5% of CBE 5%, and the Formulation 3 (F3) with 5% of CB and 10% of CBE. The mixture of ingredients (sugar and cocoa mass) was performed in a pilot conch JAX Inox (Tambau-Brazil) with a capacity of 10 kg of product for a period of 15 min. After the mixture, the dry conching process (65°C for 5 h) was carried out, only with sugar and cocoa mass. Then for the liquid conching, the CB and/ or CBE were added. After 1 h of the liquid conching soy lecithin, PGPR and vanillin were added. The mass refining process was made in batch using a Netzsch mill balls PE 05 (Pomerode, Brazil) with a grinding chamber with a capacity of 3 L. A digital micrometer Mitutoyo 293, (Suzano, Brazil) was used to monitorate the reduction of the particle size in order to obtain particles with a maximum size of 25 lm. For the tempering process the chocolate (1 kg), was cooled from 45 to 28°C using a cooling rate of 2.0°C/min on a granite table. Then the chocolate was shaped into rectangular acrylic mold, (12.5 cm 9 7 cm 9 1.2 cm) crystallized in a refrigerator (8°C/45 min.), demolded manually, and packaged in metallised packaging.
Casson plastic viscosity and Casson yield value
The plastic viscosity and yield value of the samples were determined according to Liang and Hartel (2004) using a programmable rheometer Brookfield DV3T (Middleborough, EUA), equipped with an adapter for small samples and a cylinder spindle SC 4-27 coupled to a thermostatic bath Brookfield (Middleborough, EUA) kept at 40°C. Before the measurement cycles, the chocolate samples were pre-sheared at 20 RPM for 10 min at 40°C. Readings were performed in triplicate using ramp up (0.5-100 RPM) and ramp down (100-0.5 RPM) for each sample. The torque was recorded every 30 s reading at each point of the ramp. The data were analyzed according to the Casson model below modified to fluid rheology:
where s is the shear stress (obtained from torque data) and and c is the shear rate (obtained from the data RPM). The two parameters used to adjust the Casson model were s c (yield value) e g c (plastic viscosity).
Determination of particle size distribution
The particle size distribution of the chocolate samples was performed according to Afoakwa et al. (2009) , using a MasterSizer Ò 2000 Laser Diffraction Particle Size Analyzer (Malvern Instrument Ltd., Worcestershire, England). Size distribution was quantified as relative volume of particles in size bands presented as size distribution curves (Malvern Master-Sizer Micro Software v 2.19). The parameters obtained were specific surface area, largest particle size (Dv90), mean particle volume (Dv50) and smallest particle size (Dv10).
Volatile compounds
Static headspace isolation of volatile compounds was performed using SMPE-GC for 30 min at 55°C onto a divinylbenzene/carboxen/polydimethylsiloxane, 50/30 lm Supelco fiber (Bellefonte, EUA). The fiber was previously conditioned (300°C for 45 min) according to the supplier's instructions. The sample preparation and extraction was performed according to Afoakwa et al. (2009) , with some modifications. Chocolate (4 g) was mixed with water (3 g) and NaCl (1 g), and heated to 55°C and intermittently stirred for 60 min for headspace equilibration. Each experiment had a system control sample, made by stirring an empty vial under the same conditions. Volatile compounds were desorbed (1 min) into the splitless injector, 10:1 (230°C) in an Agilent GC system 7890A and an Agilent quadrupole mass spectrometer 5975C (Agilent Technologies-Santa Clara, USA) using a capillary column (polyethylene glycol, 30 m 9 0.25 mm 9 0.25 lm) Agilent J&W VF-WAXms (Santa Clara, USA). The temperature programme was: 2 min at 50°C; 4°C/min to 240°C and finally 15 min at 230°C with a flow of 1.3 mL/ s. Compounds were fragmented using electron-impact ionisation (70 eV), with a source temperature of 200°C, a scan range of 30-300. Components were identified based on comparison of mass spectra with those of spectral libraries NIST MS search 2.0, 2011(distributed Agilent Technologies) and quantified from the total area of the peaks (abundance 9 10 5 ).
Statistical analysis
One-way analysis of variance (ANOVA) was performed and the mean values were compared by Tukey's test (5% level of significance-p \ 0.05). All analyses were carried out in duplicate or triplicate and the results were expressed as mean ± standard deviation (SD).
Results and discussion
Physico-chemical characterization of CB and CBE Table 1 shows the results for melting point, SFC and fatty acids and triacylglycerols profiles of CB and CBE. The melting points observed for CB and CBE were very similar (34.5 and 34.8°C respectively). Temperatures of melting point from 27 to 35°C and from 30 to 45°C have been reported for CB and CBE, respectively, depending on the origin and the fat modification process (Naik and Kumarb 2014; Torbica et al. 2014; Ribeiro et al. 2012; Saldaña et al. 2002; Depoortere 2011 ).
Based on technical specifications provided by the manufacturer, a CBE with similar physicochemical characteristics to the cocoa butter was used in this study. Although CB and CBE showed similar melting points, the SFC indicated that they have different melting behavior. The SFC at 35°C obtained for CBE (3.5%) was higher when compared to CB (0.1%) indicating an inferior melting performance in the mouth for CBE.
Brazilian CB is considered relatively soft with a lower SFC at 20, 25 and 30°C (around 68, 57 and 18% respectively). In order to obtain a higher SFC in the chocolate formulation, which is necessary in tropical regions, Brazilian CB needs to be mixed with CB from others countries such as Ghana, India, Nigeria, Ivory Coast and Malaysia, which have a higher SFC, around 80% at 25°C (Ribeiro et al. 2012) .
The fatty acids profiles observed for the samples studied were similar to reported in the literature for this type of fat (Saldaña et al. 2002; Ribeiro et al. 2012; Depoortere 2011; Lipp et al. 2001) . Stearic and palmitic acids were the main saturated fatty acids determined for CB and CBE, respectively. The high content of palmitic acid in CBE indicate the use of palm oil or its fractions with other sources rich in oleic acid (Depoortere 2011; Lipp et al. 2001) .
Although CB and CBE showed similar contents of TAGS such as SOS (21 and 23.7% respectively), the POP and POS content were different between the samples. This difference in the triglyceride composition influences the melting profile and performance of fats. Similar TAG compositions have been reported for CB from different regions of Brazil (Ribeiro et al. 2012 ). Depoortere (2011) reported a similar triacylglycerol composition for CBE. On the other hand, Undurraga et al. (2001) reported for a CBE obtained by enzymatic interesterification using fractions of palm oil a TAG composition similar with 23.4% of POP; 38.5% of POS, and 20.2% of SOS.
Rheological characterization
The substitution of CB with CBE did not significantly influence the rheological characteristics of the samples, which showed shear stress values of 6.48-6.52 Pa and plastic viscosity values of 2.59-2.62 Pa s.
The mass flow characteristics of the chocolate influence its flavor and texture and are thus directly related to the sensory characteristics of the final product (Nebesny and Zy_ zelewicz 2005; Afoakwa et al. 2009 ). Afoakwa et al. (2008a) reported that the rheological characteristics of the chocolate mass can be improved with the use of emulsifiers such as soy lecithin and PGPR. The fat content of the chocolate formulation also influences these characteristics and related with the release of volatile compounds. Afoakwa et al. (2009) reported for chocolate with fat content of 35%, and a lower plastic viscosity, exhibit greater release of components with cocoa-chocolate-praline notes (trimethypyrazine, 3-methylbutanal, 2,3-dimethylpyrazine, 2,5-dimethylpyrazine, tetramethylpyrazine, linalool oxide and 2,3,5-triethyl-5-methylpyrazine) when compared with chocolates with lower fat contents (25% and 30%). In chocolates with higher fat content, the solid particles distributed in the lipid phase are more dispersed and have a more exposed surface area to release volatiles. On the other hand in chocolates with lower fat content, the particles are more packed, making it difficult to release volatiles. Particle size distribution
The chocolate samples showed very similar particle size distributions (Table 2 ) since the process conditions and solid nonfat contents in the formulations were similar. The particle size distribution of chocolate is related to the rheological (Afoakwa et al. 2007 ) and sensory (Lenfant et al. 2013) characteristics. According Beckett (2011), dark This increase in the release of volatiles is related to the increase of the surface area of the particles. Table 3 and Figs. 1, 2 and 3 show that 27 volatile compounds were identified in the studied samples. The phenylacetaldehyde, methylpyrazine, 2,6-dimethylpyrazine, 2-ethyl-5-methylpyrazine, 2-ethyl-3,5-dimethylpyrazine, tetramethylpyrazine, trimethylpyrazine, 3-ethyl-2,5-dimethylpyrazine, phenethyl alcohol, 2-acetylpyrrole acetophenone and isovaleric acid sample were detected in significantly higher concentrations (p B 0.05) in sample F1. The aldehydes and pyrazines are the mainly volatile compounds responsible for the aroma in both cocoa mass and chocolate. When the CB was replaced by CBE, the greatest changes were observed in the pyrazine group. The release of volatile compounds in foods is not well understood yet. Several studies indicate that the volatility of aromatic compounds in lipids longer fatty acids chains and saturated fatty acids absorb greater quantities of volatile compounds (Roberts et al. 2003; Relkin et al. 2004 ). This may explain the decrease in the release of volatile compounds in the samples formulated with CBE. The saturated fatty acids observed in CBE were 2.9% higher than in the CB. The effect of lipids on aromatic compounds is dependent mainly on the lipophilicity of aromatic compounds (Miettinen et al. 2004 ). Fat has a significant effect on the partitioning of volatile compounds between the product and the gas phase, with lipophilic aromatic compounds being the most affected (Van Ruth et al. 2002; Shiota et al. 2011) . Table 3 shows that seven volatile compounds of the pyrazine group reduced significantly the release, out of a total of ten compounds. Heterocyclic aromatic compounds are the most volatile compounds for the cocoa aroma, and among them are alkylpyrazines which contribute to the desirable aroma of chocolate. These pyrazines are considered to be more complex and more alkyl-substituted, and thus have higher lipophilicity (Welty et al. 2001; Afoakwa et al. 2009 ). Therefore the greater degree of saturation and higher hydrophobicity of the CBE may be associated with the decrease in the release of the pyrazines. The volatility of the aromatic compounds is greatly dependent on the temperature, molecular interactions and the partition coefficient of the particular compound, which will determine the affinity of the volatile molecules for each phase. Since chocolate is a continuous lipid phase, the highest flavor perception occurs due to the retronasal action of the volatile compounds released during the melting. Structural changes of the lipid phase may alter the release of volatiles affecting as a result the chocolate flavor profile (Afoakwa et al. 2009; Welty et al. 2001; Nightingale et al. 2012) . Some studies have suggested that the SFC of lipid matrixes can influence the release of volatile compounds in emulsions (Rabe et al. 2003; Relkin et al. 2004 ). However, according to Roberts et al. (2003) , the effect of the SFC on the release of volatiles can be only observed in the presence of some percentage of solid in the lipid phase. Table 1 shows that CBE has a higher solid fat content at all temperatures, when compared with CB. In addition, considering that the SPME-GC assay was carried out at 55°C, the SFC of the fat was not a significant factor in terms of the changes in the release of volatiles in the chocolate samples, since at 40°C the solids content in fats is almost zero.
Analysis of volatile compounds
Conclusion
The volatile compounds profile of dark chocolate is modified by the addition of CBE and the effect is more pronounced in the pyrazine group. The composition of fatty acids as well as the level of saturation was a determinant factor for the release of volatile compounds. The results showed that the selection of the CBE in the process of formulation and production of the dark chocolate is an important step and it is directly related to the overall final quality of the product.
